Background Physical tness is impaired after stroke, yet tness training after stroke reduces disability. Several international guidelines recommend that tness training be incorporated as part of stroke rehabilitation. However, information about cost-effectiveness is limited.
Abstract Background
Physical fi tness is described as 'a set of attributes relating to the ability to perform physical activity that are either health-or skill-related'. 1 The term 'physical fi tness training' is often used interchangeably with 'exercise', even though the latter is defi ned as 'a subset of physical activity that is planned, structured, and repetitive and has as a fi nal or an intermediate objective the improvement or maintenance of physical fi tness'. 1 Thus, 'physical fi tness training' can be seen as a subset of 'exercise', which may also include, for example, functional task practice, as part of rehabilitation. Physical fi tness is reduced after stroke, and physical fi tness training can improve a range of important patient outcomes including disability. 2 Risk modelling studies suggest that physical fi tness training after stroke should reduce the risk of a recurrent vascular event by about a fi fth. 3 Several clinical guidelines 4, 5 recommend that physical fi tness training should be incorporated into stroke rehabilitation and continue to be provided following discharge to the community. The aim of this continued provision is to facilitate long-term participation in physical fi tness training (and exercise more generally), as the effects often dissipate when training programmes cease. 2 To improve longer term exercise participation after stroke, individualised, tailored counselling has been found to be a key factor, 6 and this is embedded within the training programme for professionals delivering community-based exercise and fi tness after stroke classes. 7 However, despite the evidence about the benefi ts of community-based physical fi tness training, it is not yet widely available for stroke survivors. 8, 9 One possible barrier to its widespread implementation is lack of data about its cost-effectiveness. There is evidence to show the costeffectiveness of generic exercise programmes 10, 11 but not for community-based physical fi tness programmes specifi cally for stroke survivors. Some studies have used quality of life measures to look at the benefi ts from exercise after stroke with mixed results. [12] [13] [14] [15] [16] These small studies predominantly show that there is an improvement in quality of life for those in an exercise group compared to control, but once training is stopped, these benefi ts may not be maintained. The quality of life data, however, have not previously been used to estimate the cost-effectiveness of the intervention.
In the UK, group physical fi tness training programmes for stroke survivors are being developed in community settings 1 Researcher in Health Economics, Yunus Centre for Social Business and Health, Glasgow Caledonian University, Glasgow, UK; 2 Senior Health Economist, Independent Advisor; 3 and delivered by exercise professionals. 8 To help inform the widespread development of such services, there is a need to show the costs and benefi ts of health interventions for funders; therefore, cost-effectiveness measures are becoming increasingly important.
The main aim of this current analysis is to estimate the cost-effectiveness of a physical fi tness programme for stroke survivors delivered in a community leisure centre setting. The physical fi tness programme selected was that used by Mead et al. 16 This programme forms the foundation for the only validated Exercise and Fitness Training after Stroke course in the UK for exercise professionals who have delivered community-based Exercise after Stroke programmes across the UK since 2008.
Methods
Mead et al. 16 evaluated a mixed physical fi tness training intervention (endurance and resistance training) delivered by an exercise professional to groups of up to 7 stroke survivors, after they had completed usual rehabilitation and had been discharged from hospital. Inclusion and exclusion criteria and other methodological details of this randomised controlled trial (RCT) can be found in the previous publication. 16 The classes were held three times a week for 12 weeks. Each class lasted for approximately 1 hour and 15 minutes, which included some discussion before and after the fi tness class. The classes were adapted to stroke patients and tailored to the needs of individuals, with the intensity of the classes increasing over the 12 weeks. The classes were for stroke survivors who were able to walk independently with or without aids and had the capacity to consent to taking part in the classes. Carers were not involved in the intervention.
The programme for the Control group was delivered by the same exercise professional as the Fitness group, in the same location, for the same programme duration, session duration and frequency. This 'attention control' relaxation intervention, undertaken in a seated position, included deep breathing and progressive muscular relaxation (but no muscular contraction). This was selected to control for the effect of social interaction in the physical fi tness group.
In total, 66 stroke survivors were recruited and randomly allocated between a Fitness (n = 32) and Relaxation group (n = 34). In the Fitness group, average age was 72 (± 10.4) and median days between stroke and start of the physical fi tness training (baseline) was 178 (range 86-307). In the Relaxation group, average age was 71.7 (± 9.6) and median days between stroke and the start of the fi tness training (baseline) was 161.5 (range 91.8-242.8).
Stroke survivors were assessed at baseline, 3 months and 7 months (4 months after completion of the interventions). A range of outcomes was measured, which have been previously reported. 16 This paper will focus on the quality of life data collected during the trial.
A cost-effectiveness analysis was conducted as it compared alternative courses of action in terms of costs and consequences; 17 in this case, comparing the relaxation group (control) with the fi tness group (intervention). This involved calculating the costs for both groups and looking at the additional or incremental cost of the intervention compared to the control. The consequences from both groups can then be estimated from changes in quality of life in each group. Again, the additional or incremental quality of life from the intervention compared to the control is calculated and both the costs and consequences can be combined.
Quality of life
Evidence on quality of life was obtained from the previous study, 16 where quality of life, using the Short Form-36 (SF-36) health survey, was one of the outcomes. Individual scores were obtained from this RCT. Although other studies have measured quality of life for stroke survivors using the SF-36, 12 EQ-5D 13, 14 and SF-12, 15 the SF36 has not been used specifi cally for a group-based community fi tness programme for stroke survivors. Furthermore, the raw scores for each of these quality of life measures from these trials could not be obtained.
The SF-36 has become the most widely used measure of general health in clinical studies. 18 It is a questionnaire used to assess an individual's health across eight dimensions. While such scores provide a means for detecting health changes in populations after receiving an intervention, they have only a limited application in economic evaluation as they produce a profi le of scores across different domains and not a single quality of life score that can be used in an economic evaluation. In addition, the SF-36 is not based on people's preferences for the outcomes; we do not know whether a higher score on the scale is associated with outcomes that are more preferred. Without a single score for quality of life, we cannot calculate Quality Adjusted Life Years (QALYs), which combine the length of time in a health state with the quality of that life. 17, 18 To overcome these issues and to achieve a single quality of life score for calculating QALYs, the SF-36 scores are used to calculate a single index measure for health called the SF-6D. The health states defi ned by the SF-6D were valued by a representative sample of the general UK population. This sample provided utility values for the health states on a scale from 0 to 1, where 0 is dead and full health is 1.
17
In this study, we use the SF-36 data collected in Mead et al. 16 and converted it to SF-6D, using an algorithm obtained from the University of Sheffi eld (http://www.sheffi eld.ac.uk/ scharr/sections/heds/mvh/noncommercial) to calculate a cost per QALY for a fi tness programme for stroke survivors lasting up to 3 months.
The overall aim of using the SF-6D values was to look for a change in quality of life over time; therefore, participants who had not completed the SF-36 questionnaire at each time point and had missing values were excluded from the analysis. For the Fitness and Relaxation groups, four and seven participants were excluded, respectively.
Costs Intervention costs
The structure and set up of the Fitness group in Mead et al. 16 was used to estimate the costs for the physical fi tness intervention. The costs were estimated for the fi rst 3 months of the intervention where classes were held three times per week. We obtained detailed information on the costs of running community physical fi tness classes from Edinburgh Leisure, a not-for-profi t leisure provider in Edinburgh. It runs an Exercise After Stroke class and provided costs for the staff involved in delivering the classes (personal communication, Edinburgh Leisure, 2014). Using recent existing costs is standard practice for economic evaluation. 19 It was also assumed that the classes are run regardless of the number; therefore, we have assumed 7 attending each class, i.e. they are at maximum capacity and that there is no charge to the participant for the classes in the intervention period. This is in line with guidelines for community-based exercise after stroke. 8 The participants in the study were transported to each class so we have used a cost for transport by ambulance 20 and assumed one return trip per class.
Control costs
The control group in Mead et al. 16 was set up as a relaxation class; this was costed using similar estimates as the intervention group and we have assumed 7 attending each class.
Model A decision tree model was developed (TreeAge Pro 2014) as it is a simple way to outline different alternatives and is most common structure for decision models in economic evaluation. 19 A decision tree allows for each scenario to be represented by probabilities of events occurring with associated costs and outcomes (utilities) and is appropriate for modelling a short-term intervention. The costs and outcomes are summed for each pathway and weights by the pathway probabilities. 21 
Base case
The base case analysis shows the expected outcome from the most likely scenario, in this case this assumes that the 3 month intervention from the RCT is the most likely scenario as this is where the primary data comes from. Within the base case analysis, quality of life gains were incorporated based on the 7 month follow-up data ( Table 1) . As the physical fi tness intervention was conducted for 3 months, the costs were only assumed to apply to the 3 month duration of the intervention for the base case.
Quality of life
The decision tree model structure (Figure 1) shows the two groups -Fitness (intervention) and Relaxation (control) -and within each group stroke survivors were assumed to improve or experience no improvement (i.e. their quality of life remains the same as baseline) between baseline and 3 months, and between 3 and 7 months. Deterioration in quality of life was not considered in the model as it was assumed that if participants were deteriorating they would not continue with the intervention.
Those who did not show improvement at 3 months were assumed to remain at their baseline quality of life and not progress further; therefore, a decrease in quality of life was not considered in the model. 
Scenarios
In order to show a range of potential scenarios for the delivery of the physical fi tness training programme, different scenarios were analysed including: i) comparing the physical fi tness training group to usual care, ii) physical fi tness classes were assumed to continue for up to 12 months after the initial 3 month intervention, and, iii) less than 7 attendees per class where the incremental cost per QALY is above £20,000.
Results

Base case
The average SF-6D scores are shown in Table 1 for baseline, 3 months and 7 month follow up for each group.
The costs for the physical fi tness group were estimated to be £454 per person for 3 month physical fi tness sessions based on 7 people attending each class ( Table 2 ). The costs for the control group were estimated to be £374 based on 7 people attending each class (Table 3) .
Physical fi tness (intervention) arm
Once those who had not completed the SF-36 fully were removed, 28 were left in the Fitness group. Of these, 19 (68%) had an improvement in their quality of life score at 3 months with an average improvement of 0.1. Of the group that had shown improvement at 3 months, 5 (26%) showed a further improvement at 7 months with an average improvement of 0.08.
Relaxation (control) arm
Once those who had not completed the SF-36 were removed, 27 were left in the Relaxation group. Of these, 13 (48%) had an improvement in their quality of life score at 3 months with an average improvement of 0.1. Of the group that had shown Combining the cost and quality of life data, the incremental costs and effectiveness from the Fitness group compared to the Relaxation group were calculated. The incremental cost of the fi tness programme based on a 3 month programme was £80 (Table 2) . At the end of the follow up period (7 months), the incremental effectiveness was 0.03. Therefore, the incremental cost per QALY was calculated as £2,343.
Scenario 1: Comparing the fi tness training group to usual care
The base case included the conservative assumption that the control group was associated with the cost of relaxation therapy (Table 3 ). However, this may not refl ect the most appropriate comparator, as the relaxation classes were part of the RCT, but in practice many stroke survivors are likely to receive no intervention. To illustrate the effect this may have on the cost-effectiveness results, here we have kept the Fitness group the same but have assumed a zero cost for the control arm, and assumed an improvement of 0.01 (Table 1) in quality of life, using the same proportions for those in the Relaxation group, to account for some natural recovery for survivors of stroke.
The incremental effectiveness of the intervention arm compared to the control arm was 0.08 and was associated with an incremental cost of £454. The incremental cost per QALY thus increased to £5,869.
Scenario 2: Physical fi tness classes to continue for up to 12 months
As the literature states that the benefi ts from short term exercise programmes do not appear to be maintained over the long term once exercise has stopped, [12] [13] [14] [15] [16] we have estimated the cost per QALY of a hypothetical physical fi tness programme that runs beyond the 3 months and up to 12 months, with the class delivered once a week in the period after the initial 3 month intervention. The costs are shown in Table 4 and are similar to that of the 12 week programme with 7 stroke survivors attending each class who pay a small fee to attend and make their own way to the classes. This is more in line with the classes offered by Edinburgh Leisure.
The costs of the weekly physical fi tness programme were estimated to be £315 from 3 months to 12 months. Adding this cost to the initial intensive intervention (£454) resulted in an annual intervention cost of £769 per person.
In order to estimate the QALY gain associated with the 12 month physical fitness programme, an assumption was made that individuals who had maintained their quality of life improvement up to 7 months, would go on to experience some residual improvement up until 12 months. As such, the assumption was made that for those that had experienced quality of life gain up until 7 months; their quality of life remained 0.05 greater than baseline (i.e. half their initial improvement of 0.1).
Combining the 12 month cost and QALY data, the incremental cost per QALY was calculated at £3,244 based on incremental effectiveness of 0.04 and an incremental cost of £136 (assuming there is a cost for the control group over the fi rst 3 months, Table 3 and those who do not improve after the 3 month intervention do not continue). We then assumed that the costs for the control group were 0 with an assumed improvement for the control group of 0.01 to account for some natural recovery; there was an incremental effectiveness of 0.09 and the incremental cost per QALY increased to £5,860.
Scenario 3: Less than 7 attendees per class
We have assumed that the classes are run with 7 people attending each class, but it is likely these numbers will vary In the base case, if 3 people attend each class the cost increases to £1,059 per person and the incremental cost per QALY to £20,062. Table 5 shows a summary of each scenario and the results.
Discussion
To our knowledge, this is the fi rst study to explore the costeffectiveness of a physical fi tness after stroke programme. We have demonstrated that, depending on the scenario, the cost per incremental QALY ranges from approximately £2,400 to £5,870 (Table 5) , and are, therefore, below the £20,000 threshold that is generally regarded as acceptable by the National Institute for Health and Care Excellence. 22 The original RCT 16 demonstrated signifi cant clinical benefi ts from the physical fitness training intervention; here we demonstrate cost-effectiveness.
Two studies were found for exercise programmes for various different patient groups looking at preventing the development of stroke through facilitating physical activity. 10, 11, 14 However, the studies by Anokye et al. 10 and Roux et al. 11 did not report stroke-specifi c data, while the study by Cooke et al. 14 was not a group-based physical fi tness training programme and so cannot be used as comparisons.
The group format for exercising is less expensive than a one-on-one programme and may be more feasible to roll out and capture a wider group of stroke survivors. This may be important in more rural areas where physical fi tness classes for those with different health conditions could be combined to increase numbers attending and the costeffectiveness of these classes. In addition, stroke survivors have reported specifi c psychosocial benefi ts from exercising in group format. 23, 24 
Study limitations
The data used in the analysis were taken from a study published in 2007 and the numbers included in the study were small. However, given the lack of cost-effectiveness evidence available for this type of programme, it is important to look at data that are available to expand the evidence base. In addition, there is no reason to think that the quality of life data would have changed substantially in that time period.
The model only includes the cohort of stroke survivors from the Mead study. 16 Therefore, the cost per QALY is based on a small number of survivors; however, no other quality of life data were available and the cost data used were from 2014 which is standard practice in economic evaluation. 19 As with all modelling studies, certain assumptions were made. Making these assumptions allows for the estimation of the expected costs and benefi ts from the intervention based on the current data available. 19 This allowed us to present what may happen if resources are made available for this intervention.
Although incorporated into the SF-36 values, we did not explicitly include other potential benefi ts in the model such as a change in walking speed and a change in walking distance. These are also important outcomes after a stroke for survivors to perform everyday tasks, and need to be explored further.
Given the benefi ts from exercise and fi tness training for stroke survivors, there is a potential for a reduction in the use of other health services including GP appointments, outpatient appointments and reduction in medication use. These costs have not been included in the model as information is not available. However, the savings could offset the cost of the programme and reduce the incremental cost per QALY.
Costs for the fitness programme were estimated using information from a regional class which is already running. These costs may be an under-or over-estimate and costs may vary depending on the region where they place.
In summary, using the data available, group-based physical fi tness after stroke services, delivered by qualifi ed exercise 
